The presence of bronchiectasis (BR) in patients with rheumatoid arthritis (RA) has been recognized for many decades; nevertheless, little research has been undertaken in this area. It is important to recognize that BR coexistent with RA differs from the other types of BR. The purpose of this descriptive review was to delineate the epidemiology, etiology, risk factors, pulmonary function testing, imaging, prognosis and management of concomitant BR and RA. To inform our study we searched the PubMed, EMBASE, CINAHL, and MEDLINE databases, using combinations of the following key words: computed tomography, lung function tests, rheumatoid arthritis, bronchiectasis, biological agents, and interstitial lung disease. The number of published papers covering this topic is limited, but several relevant conclusions can be drawn. Patients with concomitant RA and BR have worse obstructive airways disease, increased susceptibility to recurrent pulmonary infections, faster lung function decline, and higher mortality, compared with subjects with either RA or BR alone. The use of disease-modifying anti-rheumatic drugs (both biological and non-biological) for RA in RA-BR patients imparts a further challenge in managing these patients. Although there are not any published guidelines on the management of coexisting RA-BR, we have attempted to provide such recommendations, based on the literature review and our experience.
Introduction
Rheumatoid arthritis (RA) is a chronic, progressive inflammatory disease, with a prevalence of 1% across the general population. 1 It has a strong association with a variety of pulmonary conditions, including pulmonary fibro-sis, lung nodules, bronchiolitis, tuberculosis, pleural effusions, and bronchiectasis (BR). 2, 3 An association between RA and BR has been recognized for many years, with the first studies published in the early 1960s. 4 We present a literature review that explores the epidemiology, etiology, risk factors, pulmonary function test, imaging, prognosis, and management of these 2 conditions in conjunction. The objective of this study was to synthesize available literature for concurrent RA-BR. Other RA-associated pulmonary disease will not be covered in this review. Our secondary aim was to formulate recommendations for the management of this patient group.
The searched databases included PubMed, EMBASE, CINAHL, and MEDLINE. Searches were performed using combinations of the following key words: computed tomography, lung function tests, rheumatoid arthritis, bronchiectasis, biological agents, and interstitial lung disease. Only articles published in English and relevant to this review were included. The date of the last search was April 2012.
Limitations
The limited number of publications concerning BR in RA, and the broad methodological differences across the available studies precluded formal meta-analysis. Reviewed studies differ substantially in terms of the study population, including patient age and sex, use of nonbiological and biological disease-modifying anti-rheumatic drugs (DMARDs), duration of RA and BR, underlying pulmonary disease, and smoking status. Most of the studies were based on a small number of subjects.
The diagnostic criteria for RA and BR also varied between studies. In most recent papers, authors used the American Rheumatism Association 1987 revised criteria to identify patients with RA; however, in some earlier studies RA was diagnosed by clinical judgment alone. The criteria used to make the diagnosis of BR have also varied over the years, with early studies using clinical features and/or an abnormal chest radiograph to diagnose BR, while in later papers this diagnosis was supported by the use of high-resolution computed tomography (HRCT).
Epidemiology
The prevalence of BR has been described as 52.3 cases per 100,000 adults in the general population, 5 although a recent study 6 has suggested that this prevalence may be rising, perhaps reflecting better awareness of the condition and increased use of HRCT. The prevalence of BR in the RA population is estimated at 2-3.1%, 4,7 although one study based on the post-mortem examination of patients with RA reported the occurrence of BR to be as high as 12%. 8 Conversely, the prevalence of RA in patients with BR is generally reported to be 3-5.2%. 9, 10 However, McShane et al investigated causes of BR in the United States population and found that 28.6% of BR in African Americans was secondary to RA, perhaps reflecting the high incidence of RA in this group. 11
Etiology
Several hypotheses have been put forward to explain the mechanisms underlying the development of BR in RA. Of note, RA usually precedes the development of BR (by 11.5-24.7 y). 12, 13 The development of BR does not influence or reflect RA severity. Disease activity and disability parameters, including the extent of arthritis, functional grading, and the occurrence of subcutaneous nodules, are similar in the 2 groups. The erythrocyte sedimentation rate tends to be higher in those with BR, but there were no other significant differences between the 2 groups, either hematologically or serologically. [14] [15] [16] Demoruelle et al postulated a link between autoimmunity in RA and airway damage. These authors studied 3 groups of patients: subjects without inflammatory arthritis but with elevated anti-cyclic citrullinated peptide (CCP) antibodies, antibodies-negative controls, and subjects with early seropositive RA. There was a significant difference in the pulmonary involvement (principally airway thickening and bronchiectasis, confirmed by HRCT) between antibody positive group and controls: 76% versus 33%, respectively. The antibodies-positive subjects without clinical features of RA had similar lung abnormalities to patients with early RA. Although, as stated above, the diagnosis of RA preceded that of BR in most cases, the researchers concluded that the lung may be an early site of autoimmune-related injury, and potentially a site of generation of RA-related autoimmunity. 17 McMahon et al studied immunoglobulin (Ig) levels, autoantibodies, and complement levels in patients with RA-BR versus those with RA or BR alone, and detected no significant differences. Levels of complement C3, C4, C1-INH, and CH50 did not differ between the groups, but lower levels of circulating immune complexes and acute phase reactants were found in patients with BR than in those with RA-BR. 18 Taking these studies together, it would seem that RA-associated autoimmunity is not an important causative factor for BR.
Snowden et al postulated that defective stimulated antibody production might contribute to the propensity of patients with RA to develop BR; they found that 3 out of 20 patients RA-BR (vs none with either condition alone) had a defective IgG2 response to polysaccharide antigen (but normal responses to protein antigen); 2 of the 3 patients were receiving gold therapy. 19 Although these numbers are small, it should be noted that specific antibody production has been identified as a predisposing factor for BR 9 ; hence, it is plausible to speculate that DMARDs for RA suppress the immune system and predispose to pulmonary infection and the development of BR.
Some researchers have postulated that concurrent RA-BR is due to a genetic predisposition conferring susceptibility to both conditions. Severe BR is the norm in cystic fibrosis, which is caused by the presence of homozygous or compound heterozygous defects in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. Casals et al performed CFTR gene analysis in 55 adult patients with BR and found mutations in 20 patients (36%); in 14 of the patients (25%) only one mutant allele (in most cases the more functional M470 allele) was detected. 20 They concluded that CFTR heterozygous mutations might contribute to the development of BR. It should be noted, however, that Pasteur et al did not find an excess of heterozygous CFTR mutations in their study of adult BR. 10 Interestingly, in a study involving 26 patients with RA-BR, 4 (15.4%) had a heterozygous delta F508 CFTR mutation, while no mutations were detected in 29 matched controls with BR alone and 29 with RA alone. Those with delta F508 mutation had more frequent chronic sinusitis, more severe pulmonary involvement, and lower values of nasal potential differences than patients with RA-BR without CFTR mutation. 21 The frequency of CFTR mutations was higher in family members with RA-BR or BR alone than in unaffected relatives or healthy controls. This group has therefore proposed that the presence of CFTR mutations in patients with RA may be a marker of developing RA-associated BR. 22 Additional studies would be of value to further investigate this hypothesis.
Only limited studies have been performed to evaluate the role of human leukocyte antigen (HLA) in the development of RA-BR. HLA variant DQB1*0601 was found to be increased in subjects with BR, with or without RA (but only significantly in RA-BR subjects). The DQB1*0301, DQB1*0201, and DQA1*0501 frequencies were also increased in the RA-BR group, as compared to those with RA alone. 23 However, this finding was not confirmed in a study of unselected RA patients who underwent HRCT to evaluate lung disease. Those diagnosed with BR had a nonsignificant increase of HLA DR2 and DR7, but a significantly lower prevalence of the HLA DQA1*501 allele. 15 Bilgici et al studied HLA DR4 and DR1 genotypes and, again, there were not any significant differences in their frequencies between the groups. 24 The clinical importance of these findings is uncertain, as the studies included small numbers of subjects, and the results do not seem to be consistent.
Risk Factors Smoking
Smoking increases the risk of RA. In a Swedish observational population study the authors suggested that smoking was responsible for 35% of anti-CCP antibody-positive RA cases. Increased risk of anti-CCP antibody-positive RA was shown to be associated with smoking in a dose response manner, particularly in the presence of HLA-DRB1 shared epitope alleles. 25 These findings were confirmed in a meta-analysis of 16 observational studies. Researchers found that in rheumatoid-factor-positive RA men, heavy smoking was a significant risk factor for RA: odds ratio 3.91, 95% CI 2.78 -5.50. 26 Specific studies on the association of RA-BR with smoking are lacking, but in fact the limited data available suggest that patients with RA-BR are more likely to be non-smokers, compared to those with RA alone. 15, 27, 28 Thus, from the available literature there is no evidence to implicate smoking in the association of RA and BR.
Infections
Respiratory tract infections are another factor with the potential to influence the association of RA-BR and disease outcomes. Severe and recurrent lower-respiratory-tract infections (particularly in childhood) have long been recognized to predispose to BR, and this has been confirmed in more recent studies (eg, Pasteur et al). 10 Au et al reported that increased risk of infections is related to RA disease activity, independent of treatment with DMARDs, with more active disease associated with higher rate of all types of infections. 29 Also, the presence of airways colonization in patients with RA-BR was reported to be associated with increased risk of infections (2.5 Ϯ 1.7 infections per patient-year). 30 However, in the same study, the use of DMARDs was a more powerful predictor of lowerrespiratory-tract infection than airway colonization, consistent with other reports. Thus, the role of DMARDs in predisposing to recurrent pulmonary infection warrants further consideration (see below).
Pulmonary Function Testing
The physiology of the bronchiectatic lung in RA differs from non-rheumatoid-related bronchiectasis. Spirometry shows more pronounced obstructive airways disease with less reversibility in the RA-BR population than in the other types of BR. 18, 24 In subjects presenting with RA and small airways involvement (low forced expiratory flow during the middle half of the FVC maneuver [FEF 25-75% ]), BR is a common finding and occurs in 62-71% cases. 15, 31 However, small airways disease is also common in patients with RA alone, even in the absence of interstitial lung disease. 32 The degree of bronchiectasis has been found to correlate with the forced expiratory ratio (FEV 1 /FVC), while the degree of bronchial wall thickening correlated with FEF 25-75% . Bronchial dilatation in BR-RA was also independently associated with the decrease in FVC. 33, 34 There is evidence from another small study, by Goeminne et al, that a rise in RA disease activity score is associated with a decline of FEV 1 , and vice versa. 35 In contrast to these findings, there are 2 small studies in which researchers reported that RA-BR lung was not associated with obstructive spirometry. In a study of 20 patients with RA, McDonagh et al documented restrictive spirometry; 4 of the patients had traction BR secondary to pulmonary fibrosis. 36 In the second study, in a group of 20 non-smoking RA patients with no respiratory symptoms, 5 were diagnosed with BR by HRCT. There were no significant differences in spirometry between the patients with RA alone and RA-BR group. 37 The small numbers and selected populations covered by these 2 studies make it difficult to draw conclusions related to RA-BR pulmonary physiology from them.
Imaging
Radiological investigations play a crucial role in the evaluation of RA-related lung disease. The introduction and now widespread availability of computed tomography, especially HRCT, has resulted in earlier identification of patients with BR ( Figure) . 38 In HRCT studies of patients with RA, reports on the prevalence of BR in RA vary according to the inclusion criteria. Across studies, investigators have included or excluded patients depending on smoking status or the presence of respiratory symptoms. Other variables include mean age, mean duration of RA, and the presence of BR associated with or without pulmonary fibrosis. Given this variation, in a group of 10 studies in which the American College of Rheumatology 1987 revised criteria 39 were used to diagnose RA, the overall incidence of RA-BR was 12-62% (Table) . BR was an independent finding on HRCT requested for patients with suspected RA and interstitial lung disease in 30% of cases. 36 In unselected RA populations the identification of BR on HRCT varied between 17-30.5%, 15, 24, 36, 42, 43 with a prevalence of symptomatic BR of 2.9%. 7 There is ethnic variation in the prevalence of BR, as in Chinese patients with RA who underwent HRCT this condition was detected only in 3.64%. 11 Detection of bronchiectasis in lifelong non-smokers with RA was common, at 25-58%. 16, 37, 44 Patients with RA and normal chest radiographs had a prevalence of BR on HRCT reported as 13-30%. 31, 43 In contrast, those with RA and chronic respiratory symptoms or abnormal chest radiographic findings had a higher rate of BR, with traction bronchiectasis being present in 51-75% and non-traction bronchiectasis in 22-33%. 28, 33, 45 In a prospective study of 46 unselected patients with RA undergoing HRCT, Despaux et al found that BR was the most common abnormality and was detected in 50% of the subjects, the majority of whom (18/ 23) had no antecedent respiratory symptoms. 46 From these studies it is apparent that radiological evidence of BR is present in a high percentage of patients with BR, even in the absence of respiratory symptoms. However, longitudinal studies are needed to evaluate the clinical importance of these findings.
Prognosis
It is important to recognize that RA-BR subjects have mortality 7.3 times higher than the general population, 5 times higher risk than the RA group alone, and 2.4 times higher risk than the BR group. 47 In patients with RAassociated lung disease the 5-year survival rate was reported as 87.1% in the BR group, and only patients with RA and interstitial lung disease had a lower 5-year survival rate (36.6%). 48 Longitudinal studies of treatment interventions in these patients are urgently required.
DMARDs and Infection Risk
DMARDs are defined by their ability to slow disease progression. While there have been many studies of infection risk with these agents, few have dealt with respiratory infections alone, and almost none with the risk of respiratory infections in patients with structural lung disease. Since knowledge of the potential risk of infection will inform the management of patients with RA-BR, a review of this literature is presented below. Hydroxychloroquine 49, 50 , gold, 51 and corticosteroids 52, 53 are the oldest non-biological DMARDs used in the treatment of RA. Newer agents include methotrexate (MTX), 54 sulfasalazine, 55 and leflunomide. 56 Doran et al found that use of corticosteroids in RA was associated with an increased infections risk: hazard ratio 1.56, 95% CI 1.22-2.01. 57 Similar findings came from a small study by Saag et al: odds ratio 8.0, 95% CI 1.0 -64.0. 58 In a large Canadian cohort study (27, 710 patients) , the authors investigated the prevalence of infections in patients with RA prescribed DMARDs with or without corticosteroids. It was found that 4,941 patients (18%) had at least one serious infection (requiring or complicating hospitalization). Interestingly, the use of DMARDs without corticosteroids was not associated with increased serious infection risk (adjusted risk ratio 0.92, 95% CI 0.85-1.0). In contrast, patients who were prescribed corticosteroids alone (adjusted risk ratio 1.9, 95% CI 1.75-2.05) or with DMARDs (adjusted risk ratio 1.63, 95% CI 1.5-1.77) had significantly increased risk of serious infections. 59 Jenks et al found that an incidence of severe infections associated with a use of leflunomide in RA was 3.30/100 patient-years (95% CI 1.65-5.90). Eleven patients (11/171) developed infection requiring hospitalization, including 3 episodes of lower-respiratory-tract infection. Of note, the patients at increased risk were those with severe disease and taking concomitant MTX and corticosteroids. 60 MTX is the most used conventional DMARD. Its influence, as well as that of azathioprine, on the prevalence of infection in RA was studied by Boerbooms et al. During 4 years of follow-up the prevalence of infections was 18% in the MTX open study group, and 7% in the MTX and azathioprine groups in a 12-month double blind randomized trial, which was followed by 3 years open extension.
There was a trend for more infections to occur early in the treatment period (within 1.5 years) and with more severe RA. 61 Using the Registry of Japanese Rheumatoid Arthritis Patients on Biologics for Long-term Safety (REAL) data was shown that treatment with high-or low-dose MTX was not associated with an increased risk of serious infection, when compared with the non-MTX group (use of corticosteroids across groups was similar). 62 There is also no evidence that sulfasalazine is associated with an increased risk of serious infections, as reported in several randomized controlled trials. [63] [64] [65] Biological DMARDs approved for RA can be divided into 3 groups: tumor necrosis factor inhibitors (adalimumab, etanercept, and infliximab); anti-CD 20 therapy (rituximab); and T cell costimulator modulators (abatacept). 66 The long-term safety profile of the above agents has been evaluated in a large number of patients with RA. Rituximab was studied in population of 3,189 patients. The overall rate for serious infections was reported as 4.35 events/100 patient-years, similar to that observed in the placebo group. Lower respiratory-tract infections were the most frequent, with pneumonia accounting for 2% of all infections. 67 Safety profile studies of adalimumab (2,300 patients), etanercept (2,385 patients), and abatacept showed that these drugs, when compared against placebo, did not increase the risk of infection in RA patients. [68] [69] [70] In contrast, infliximab was associated with an increased risk of infection when used in RA. In a group of 504 RA patients, infections accounted for the highest number of adverse events (1.6%). When the infectious agent was recognized, the most common type was non-tuberculosis-type bacteria (n ϭ 38), with tuberculosis accounting for 4 cases. 71 Overall there is an increased absolute 0.2% a year risk of re- activation of tuberculosis in the RA subjects treated with biological agents. 72 Publications reporting direct effect of biological DMARDs on the course of the RA-BR are unfortunately scarce. In a small retrospective study (42 patients with RA-BR), the authors showed that the use of the biological agents, when compared against non-biological DMARD treatment, resulted in an increased infections rate (odds ratio 8.7). 73 
Management
BR and RA are both chronic conditions requiring longterm medical management. Specific guidelines for management of patients with concurrent RA-BR are lacking, and the evidence base to formulate such recommendations is limited. At present we would suggest that the management of such patients should be broadly based on the guidelines in place for the separate conditions 8, 74 but influenced by the literature summarized above, by the knowledge of the adverse prognostic data, and by clinical experience.
We propose that all patients with RA-BR should undergo review by a specialist chest physician with an interest in BR, who should liaise closely with the responsible rheumatologist. Screening for other causes of BR, in particular for immune deficiency (which may occur secondary to treatment for RA), should be carried out. For patients with asymptomatic chest disease and quiescent RA, annual review would seem sufficient. Patients with sputum production should be reviewed by a respiratory physiotherapist for instruction in airway clearance, and mucolytics may be of value. Patients with active inflammatory joint disease or symptomatic pulmonary disease are at risk of more advanced/progressive respiratory problems and should be offered regular monitoring, 3-6-monthly, with clinical, lung function test, screening for bacterial colonization by sputum culture, and radiological assessment. A trial of inhaled corticosteroids may be appropriate for those with reversible airways obstruction. All patients, especially prior to commencement of immunosuppression, should be offered vaccination against pneumococcal and influenza infection. Strict follow-up should be offered to patients with RA on biological and non-biological DMARDs, so treatment can be stopped or changed when serious adverse events occur.
Corticosteroids and some DMARDs increase the risk of infections, as documented above, and may have other effects on the lungs (such as pneumonitis of fibrotic reactions). The choice of DMARD should be made with the pulmonary disease taken into consideration, and preferably after consultation between rheumatology and respiratory specialists. For patients commencing therapy with anti-tumor necrosis factor agents, careful screening for non-tuberculous mycobacteria seems appropriate; these agents should not be used in patients with RA-BR colonized with non-tuberculous mycobacteria or with active mycobacterial infection. For those patients with moderate to severe BR or frequent exacerbations it would seem reasonable to select DMARDs with a lower propensity to worsen pulmonary infection, at least in the first instance. Prompt assessment and treatment with appropriate oral or intravenous antibiotics should always be readily available.
Antibiotic prophylaxis should be considered in patients with frequent (3 or more exacerbations per year) or severe infections requiring hospitalization/intravenous antibiotics, and the choice of agent should be guided by sputum microbiology, as documented in the British Thoracic Society bronchiectasis guidelines. 74 For patients with severe or progressive disease, or those who do not respond to first line treatment options, review by a multidisciplinary team for patients with RA-BR, including a radiologist, chest physician, rheumatologist, specialist nurse, and physiotherapist, could be utilized to draw up and implement an individualized long-term management plan.
Smoking cessation advice is appropriate, despite the lack of evidence that smoking contributes to the development of bronchiectasis in this setting. We also advocate for patients with RA-BR with a reduced exercise tolerance and low health related quality of life enrolling in pulmonary rehabilitation programs. There is accumulating evidence that patients with BR who complete out-patient pulmonary rehabilitation achieve an improvement in exercise capacity and health related quality of life. Benefits were shown to be maintained for up to 12 months post pulmonary rehabilitation completion, similar to the COPD group. 40 
Summary
In early studies demonstrating an association between the 2 conditions, BR was found to precede RA by a mean of 16.4 -28.6 years. 9, [12] [13] [14] 18 In addition, the mean age at the onset of RA in the group with BR (46.1 Ϯ 14.0 y) was significantly lower than in the group without BR (51.2 Ϯ 11.4 y). 75 Some authors have hypothesized that chronic infection as a result of BR provided a prolonged source of antigenic stimulation that, in genetically predisposed individuals, led to development of RA. 14 However, the detection of BR in up to 50% of unselected patients with RA (most of whom have no respiratory symptoms) argues against this hypothesis, and suggests that RA is an independent risk factor for BR development. The mechanism(s) underlying the association of these conditions remain unclear, although immunological process and perhaps genetic predisposition seem to be implicated. Further research is needed in this area.
HRCT should be used in the diagnostic algorithm, especially since RA patients can have pulmonary involvement without clinical symptoms or signs of lung disease.
The clinical implications for such asymptomatic patients are unclear. In symptomatic patients, concomitant RA-BR disease is associated with increased risk of infections and higher mortality, with shortened life expectancy. RA-BR patients require regular follow-up, with the involvement of a multidisciplinary team, including a chest physician, prompt treatment of infections, and recognition of adverse effects secondary to immunosuppressive treatment.
